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REMARKS 

Claims 19-27 are pending. No new matter has been added by- 
way of the present amendments. For instance, claims 1-18 have 
been cancelled and new claims 19-27 have been added. New claims 
19 and 23 are supported by originally filed claims 1, 7, 8, 10 
and 12. New claims 20 and 21 are supported by originally filed 
claims 13 and 14, respectively. New claim 22 is supported by 
originally filed claim 9. New claim 24 is supported by 
originally filed claims 1, 7, 8, 10, 12 and 15. New claim 25 is 
supported by originally filed claim 16. Lastly, new claims 26 
and 27 are supported by original filed claims 17 and 18. 
Accordingly, no new matter has been added. 

In view of the following remarks. Applicant respectfully 
requests that the Examiner withdraw all outstanding rejections 
and allow the currently pending claims. 

Issues under 35 U.S. C. § 112, second paracrraph 

The Examiner has rejected claims 1-14 under 35 U.S.C. § 
112, second paragraph for the reasons recited at page 2 of the 
outstanding Office Action. Applicant respectfully traverses. 

First, the Examiner asserts that claims 1-14 omit essential 
steps such as a step of inducing ciliary muscle contraction and 
evaluating the results. Applicant disagrees. 

Claims 19-23 relate to an experimental model for evaluating 
the effect of a medicine against asthenopia. As such, although 
the model requires the contraction of the ciliary muscle, this 
is not technically a step. Rather, these claims relate to a 
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model in which ciliary muscle is in the state of asthenopia, 
thus making it possible to replicate in vitro the asthenopia 
which occurs in vivo. Also, there is no requirement for a step 
involving evaluation of results per se. Claims 19-23 relate to 
the experimental model, not to a method of evaluating any 
results that might be derived from the model. These claims 
recite repeatedly contracting ciliary muscle from a non-human 
animal in vitro with an inducer of smooth muscle contraction. 
This is the way in which the state of asthenopia is achieved in 
the ciliary muscle. This is not technically a step, but rather an 
operation carried out to create the model and is fully definite. 

Method claims (for instance claims 24-27) are present, 
however, these claims specifically recite steps. 

Second, the Examiner has rejected certain claims for 
reciting "'substantially stable decrease." Applicant traverses 
and submits that the claims require the decrease to be 50 ± 30% 
in the tension of muscular contraction. This phrase is fully 
definite. 

In summary. Applicant respectfully submits that the present 
claims fully satisfy the requirements of 35 U.S.C § 112, second 
paragraph. Reconsideration and withdrawal of these rejections are 
therefore requested. 

Issues under 35 U.S.C. § 102(b) 

The Examiner has rejected claims 1-8, 11, 12 and 15-18 as 
being anticipated by JP 07-133225 (hereinafter referred to as JP 
'225). Applicant respectfully traverses. 
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The Examiner, by referencing paragraphs 0022-0023 of JP 
'225, has alleged that JP '225 investigates compound A for 
effectiveness over contraction of ciliary muscle (CM) . A review 
of paragraph 0022 of JP '225 reveals a discussion that "it 
pretreats by this invention compound A for 30 minutes before 
addition, and is KCl." 

In other words, JP '225 discloses the treatment of CM with 
KCl, a CM contraction- inducing substance, after the treatment of 
CM with compound A, a contraction- inhibitor . Thus, JP '225 
fails to suggest or disclose an experimental model comprising CM 
in a state of asthenopia which is prepared by preliminarily 
repeatedly contracting the CM to show a decrease of 50 ± 30% in 
the tension of muscular contraction. Further, JP '225 fails to 
suggest or disclose that the state of asthenopia is caused by 
repeatedly contracting the CM in vitro with an inducer of smooth 
muscle contraction comprising at least one inducer selected from 
a chemical stimulant, an electrical stimulant and combinations 
thereof. JP '225 also fails to suggest or disclose a method of 
preparing the present experimental model or a method of using 
the present experimental model. Accordingly, there is no 
anticipation based upon JP '225. Reconsideration and withdrawal 
of this rejection are therefore requested. 

Applicant further points out that the experimentation 
described in paragraph 0022 of JP '225 is performed in 
accordance with the method described in Exp. Eye Res., 53, 33-38 
(1991), a copy of which is attached. Figure 3 of Exp. Eye Res., 
53, 33-38 (1991) shows as "ciliary muscle (CM)" the results of 
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force response of ciliary muscle during the contraction with 
acetylcholine and K"^, which are CM contraction- inducing 
substances. Figure 5 of the same reference shows as ''ciliary 
muscle" the results of force response of ciliary muscle during 
the contraction with aceclidine and pilocarpine, which are CM 
contraction- inducing substances. According to the reported data 
the fatigue of CM is not generated as in the CM of the present 
invention. Thus, the method utilized by JP '225 (that disclosed 
in Exp. Eye Res., 53, 33-38 (1991)) also fails to suggest or 
disclose the present claims. 

In summary, there is no anticipation based upon the cited 
art, or based upon the methods referenced in the cited art. 
Reconsideration and withdrawal of this rejection are requested. 

Issues under 35 U.S. C. § 103(a) 

The Examiner has rejected claims 1-18 as being obvious over 
JP '225 in view of Kitagawa, Japanese Journal of Pharmacology, 
1989, Vol. 49, supp. p. 281 (hereinafter referred to as Kitagawa) 
and Yoshikawa, U.S. Patent No. 5,338,668 (hereinafter referred to 
as Yoshikawa '668) . Applicant respectfully traverses. 

JP '225 was discussed and distinguished above. Neither of 
the secondary references of Kitagawa or Yoshikawa '668 is able to 
cure the deficiencies of JP '225. Kitagawa discloses 

acetylcholine -induced contraction of smooth muscles. Yoshikawa 
discloses assessing the effects of drugs on smooth muscles before 
and after electrical stimulation. However, regardless of the 
disclosure of the secondary references, without the present 
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experimental model, method of preparation or method of use being 
disclosed by JP '225, there can be no prima facie case of 
obviousness . 

That is, when all of the cited references are taken in 
combination, the Examiner has still failed to render obvious an 
experimental model wherein ciliary muscle from a non-human 
animal is placed in a state of asthenopia by repeatedly 
contracting said ciliary muscle in vitro with the recited 
inducer (s) of smooth muscle contraction until the ciliary muscle 
shows a decrease of 50 ± 30% in the tension of muscular 
contraction. The method of preparation and the method of use of 
the experimental model are likewise non-obvious. 

Stated in other words, asthenopia is a symptom caused by the 
fatigue of the ciliary muscle generated by prolonged or intense 
use of the eyes. In this regard, please refer to the section of 
''eyestrain" in the enclosed Medical Dictionary, Second Edition, 
p. 236, Oxford, NY, Oxford University Press (1998) . 
Conventionally, an effective drug, other than perhaps chondroitin 
sulfate, has not been developed for asthenopia. The reason why 
other drugs have not been developed is that an effective 
experimental model exhibiting asthenopia has not been found, thus, 
the necessary evaluation of such drugs could not be performed . 
Thus, the types of induction disclosed in the secondary references 
is irrelevant since JP '225 fails to suggest or disclose an 
experimental model, method of preparation or method of use as 
currently claimed. 
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Accordingly, there exists no prima facie case of 
obviousness. Reconsideration and withdrawal of this rejection 
are respectfully requested. 

If the Examiner has any questions or comments, please 
contact Craig A. McRobbie, Reg. No. 42,874, at the offices of 
Birch, Stewart, Kolasch & Birch, LLP. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. § 1.16 or iinder § 1.17; 
particularly, extension of time fees. 



Attachments: Exp. Eye Res., 53, 33-38 (1991); and 

Medical Dictionary, Second Edition, p. 236, Oxford, 
NY, Oxford University Press (1998) . 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




GMM/CAM:mmi 
1422-0561P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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Differential Smooth Muscle-iike Contractile Properties of 
Trabecular Meshwork and Ciliary Muscle 

A. LEPPLE-WIENHUES, F. STAHL AND M. WIEDERHOLT 

instftut for Klinische Fhyslologie, Kfmikum Steglitz der Freien Universim Berlin, Hindenburgdomm 30, 

D-IOOO Berlin 45. FRG 

ifiecwved 29 May 1B$0 ond accepted in revised form 17 October. 1990) 

The contractlto properties of bovine tcabecular meshwork and ciliary muscle strips were investigated 
uflhxB Bii electEomagnetlc foica-tengdi iTUudocer for Isometric force measunmieata. AcetylchqUne, 
pilocarpine and aeecttdine administration resulted In dase-d^»endent contractions of . tabecular 
meahwotk and dlluy ouwde. Absolute forces were approximately 10 times larger in dliary muscle than 
In trabecular meshwork. Maximal force evoked by acecildlne (5x10-* m). when compared to the 
pilocarpine (5x1Q-*m) response, was slsnlfican^y higher in tmbecoiar meshwork tfaaa In dliary 
muflde. ThA results were l72-5±12-6% {n-7) and l38-9±40% P<0-05). respectively. 

Depolarlsation Induced by raised external potassium (120 mM), when compared to the aceq^icholine 
response (10-" u), resulted in a small contraction of 19*3 ±4*2% in trabecular meshwork (n - 5), and 
of 59-0 + 13*7% in dhaxy muscle {n^\,F< 001). Both responses weie inhibited by atropine (10^ m). 

The diilcEvatlal potassium effect may be eaq^ained by the large number of choUnersin nctvc etxdlngs 
in dliary musde as oompaied to trabecular meshwoik tissae. Recently, a dissociation between the effiacts 
of BjcecMneon outflow resistance and accommodation has been dseccibed. Our data are consistent with 
these observa^ons and provide evidence for a direct role of trabecular meshwork M 
outflow regulation. 

KcB ynrds: isolated trabecular meshwork; isolated dBaiy muscle; bovine tissue; contractilLty; 
acetylcboUne; {dlocarpfaie; acecHdine; aqueous humour; ontflow fisellity; smooth muselA; Intraocular 
pressure; ^ftucoma. 



1. Entrodoctlon 

The mechanisms r^gulathig aqueoiis humour outflow 
and intraocular pressure have been the subject of 
extensive iiivestisation. In chronic simple glaucoma It 
is believed diat the relatLon betweea aqueous humour 
production and outflow is disturbed by a decreased 
outflow facility (for review see Liitjen-DrDCoU and 
RoheUt' 1989). The main site of outflow resistance in 
the chamber-angle pathways Is thought to be located 
hi the Juxtacanallcular trabecular nieshwoik (Bill and 
Svedbergh, 1972; Bohen, Futa and L(it]en-DrecolI. 
1981; Mfiepea and BUI. 1989). The mechanisms of 
outflow regulation by the trabecular meshwork (TM) 
is therefore of cUnical importance. 

A large number of drugs and their action on outflow 
facility have been Investigated. These Include 
choMomimetics (Mriny, 196S)i adrenergic agents 
(Neu&ld and Sears, 197S). pytodialasins (Kau&nan, 
1987), chelators (Bill. Latjen-Drecoll and Svedbergh« 

1980) . tzyptic enzymes (Hamanaka and fiill. 1988). 
angiotensin and ergotamlne (Kaufman and Kentzhog. 

1981) . AU of these drugs would be capable of 
hifiuendng structure and/or tone of smooth muscle 
tissue. I}isinsertion of the clUaxy muscle (CM) from the 
scleral ^pur has been established as a model for 
distinguishing betweea the role of CM in focillty 
regulation and the Influence of the meshwork In 
higher primates (Kaufinan and Bdrdny. 1976). 
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Nevertheless, it is still unclear as to how TM or other 
chamber angle tissues influence outflow facility* 
cell cultures showed morphological (Ttlpathl and 
Tifipatbi, 1984) and etodanophystologlcal (Corpneo 
et al., 1991) evkleuce for contractility and exdtability. 
This suggested a smooth musde-ttke fimction of 
meshwork tissue. Smooth muscle-speclAc contractile 
filaments have been found in TM cells (Iwamoto and 
Tamura, 1988; Cbronco et aL. 1991 ; De Kater. Sporr- 
Mk:haud and Glpson, 1990)* Recently, regions con- 
tBinlng alpha-smooth muscle actio and myofibroblasts 
have been described In the boyine chamber angle 
(Pitigd, Tamm and LGtJen-DrecoU, 1991). The aim of 
this study was to directly test the possible contractilfi 
properties of anterior chamber angle tissue. 



2. Materials and Methods 

Tissue PreparaUon 

Bovine eyes were obtained from a local abattoir and 
transported on ice immediately to the laboratory. The 
eyes were bisected 10 mm behind the limbus. Vitreous 
and lens were cut away wiUi fine scissors. The anterior 
chamber disc, including the whole ciliary body, was 
cut into equal quarters* With the corned epithelial 
side downwards, the iris was retracted and the 
pectinate Ugament carefully detached. With minimal 
retraction of die meshwork. the iris was totally excised 
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fiG. 1(A). Schematic <kawk]g of the bovioc cb^W aogU: 
UhiBtradng the preparatioa of strips from TM and CM. The 
pectihatd ligament was detached and the dliazy epithelium 
and coonectlve tlssae were removed as indicated. Circular 
strips were obtained from the TM region adjacent to the 
aqueoiM plexus. (To increase oonti^BBt. the remaining TM 
region id left blank) Meridional strips weto preparod fixNXi 
(lie CM. Strip odentatk>n Is Indicated by dotted lines* 

by horizontal cuts. A schematic view of the ttastie 
preparation is given in Rg. 1(A). 

Trabecular Meshwork Strips 

Only TM and CM tKsstiB remained on the comeo- 
aderal segment, diatingajishable by structure end 
pigmentation. Two vertical Indsions were made in a 
circular dirDction, one in the black pljpncnted anterior 
meshwork* and the other OS mm anterior to the CM 
tnsertion. Both circular cuts and the resulting strip 
were oriented parallel to the corneal hisertion of the 
pedlnate ligament Hie tissne str^ between Ihese cuts 
was approximately 0*5 wide and 4 mm long artd 
showed the typical velcro-like structure of TM. It Wa9 
removed from the sclera with careful cuts as a circular 
strip. 

Qlkury MujsdB Strips 

The CM is located posterior to the TM and 
distinguished- by its deep pigmentation. Meridional 
str^ were excised at a right angle to the circular 
ciliary body and treated as described above. Stretching 
of the tissue was careftilly avoided In all preparations, 
and tissues were repeatedly rinsed with Hepes- 
buQered saline at ^''C to avoid damage by drying. The 
strips were placed in Hepes-buffered saline and 
coxmected to a ibroe-length-transducer immediately 
after preparation. 

Porct-'Ungth Transducer 

To obtain isometric recordinga of very small forces 
developed by extremely elastic tissue strips (such as 
TM preparations), we have developed a force-Iength- 



transducer system sbnilar to that described by 
Brutsaert et al. (1988). A schematic view Is given in 
Pig. 1(B). A coil was placed in a homogenous magnetic 
field* A lever was attached to the coil. At tihe ikr.ee end 
of this lever, a fine needle was connected to the tissue 
strip such that shortening of the strip resulted in a 
small rotation of the lever-coil system. This rotation 
was mbasured by an optoelectronic device. The lever 
acted as a shutter between an infrared light-emitting 
diode and a photodiode* A second photodlode was 
used to subtract background light changes. The whole 
device was stiielded by a black case. An electronic 
proportional-integral feedback drcult nullified the 
above mentioned small rotation 1^. increasing the 
counteracting coil current with an adjustable raising 
time to avoid oscillations. This resulted in a 'position 
clamp' behaviour, The defined length of the tissue 
strips could be varied by changing the nominal value 
of the feedback-unit Coll cunent was calibrated in 
MicronewtOQ (/^N). It was possible to measure forces 
from O-S/iN to 2000 /iN with resulting length- 
changes of the tissue strips of less than lO/onu Rise 
time was 100 times 8h<^r than the observed 
biological phenomena. The coil current was converted 
by an analog-digital converter* recorded simultan- 
eonaly on floppy disc, and plotted t}n the screen by a 
microcomputer (Schneider CPC 6128. Turkhetmr 
FRG). 

Fe!fiiSion Ouohber 

The tissue-strips were mounted in a chamber with 
an aayllc glass water Jacket maintained at 36^C- The 
diamber was continuously perfUsed with wBrmed 
Ringer's sohition (see below) at a peifusioa rate of 
6 mlmin'^ The hydrodynainlc fmn of the chamber 
allowed fast solution changes with minimal hydraulic 
disturbances of the tissue preparntioD. The exchange 
rate of the chamber's content was > 95% mln'^ at a 
bath volume of 2 ml. DlfiiBrent solutions could be 
automatically selected by tfio same microconaputer 
which recorded the digltalized data by controlling 
electromagnetic valves between a roUer-pump and the 
sohition's reservohrs. 

Solutions 

Modified Rhiger's solution of the following ionic 
concentrations was usied (dim) : Na'*', 1 51 ; 5 ; Ca*^» 
17:Mg**. 0-9; a-, 131; S0,«- 0-9; H.PO.-. 1 ;.HCO,- 
28. hi solutions containing 120 mM potassium an 
equivalent, amount of Na* was replaced by K*^. All 
solutions contained 5 dim ghicose and were gassed 
With 5% 00, in air, resulthig hi a pH of 7-4. 

Druffs 

The following drugs were dissolved hi the perfiisate : 
aceclidhie (Chibret, Munich. FRG), acetylcholine, 
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FtG. 1(B). The tissue strip was mounted ia a pAfftuioii chamber and connectied to thA force-length-traxuducer. Shortening 
of the otrip refluked In a small lotatiott of the fever^il tyvtiM iQ a magoetlc field. Thtfl rotatloa was measured by a j^otodtode 
and niiMed by the counteractiag coil-current which waft calibrated In mlcconewtoa OiN). 



atroplner and pilocarploe (Signer DelsGiihofeii. FRG). 
In the case of acetylcholine, no cboUnestcrase- 
inhlhitois were added because of the permanent rapid 
perfoston of the pedhsion chamber. 

Force MBosurments 

Resting tension was adjusted to obtain madmal 
response using an ace^lchoUne pulse of 3min 
duration. After attachment of the strips to the 
transducer, the strips were allowed to rest under 
control conditions. Chily strips with a stable tone were 
used for further measurements. All force measure- 
ments were performed Isomstrically. Dae to the 
complex structure of the Th/L and the smaQ variations 
In preparing the tissue strips it was Impossible to 
correlate the force measurements to geometrical 
parameters, weight or volnnie of the atiipB. Therefore, 
unless otherwtse lndicated. all force measurements are 
ghren as relative values In comparison with the 
acetylcholine (or pilocarpine) response. 

CakuJations 

As we obtained tihe ^es from a large pool, the 
preparation of two eyes from the same anlnial was 
unlikely. Mostly 2-3 strips were prepared from one 
eye. Mean vahies were ^culated from the different 
measurements fbr each eye. The numb^ of experl- 
tnents Indicated hi this work represent numbers of 
values obtained from difiiE;rent eyes. Statistical analysis 
was done ushig Student's t*teaL 

3, Results 

AcetykfioUm Be^me 

• Figure '2 shows a typical recording of force de- 
velopment by, a TM stxip. Superfusion by an 
acetylchoUne-coutalning solution resulted in an Im- 
mediate, steep force development , reaching & maxi- 
:mum after 1 min. With constant administration of the 



drug a stable tone developed, sometimes after a pha^c 
force peaL This behaviour could be observed with all 
the stlmulathi^ drugs used. Aflir changing to a drug- 
free Rhiger's solution, the tone decreased to the basal 
level within 2 mln^ As demonstrated in Figs 3(A} and 
(B). acetyldxoUne resulted in a dose-dependent con- 
traction of TM and CM strips. The maximal response 
was reached at 10~' M; 10*^ m acetylchoUne had no 
efifoct (data not shown). 

The response to 10'* M (Pig. 2) and 10-* M (Fig. 3) 
acetylcholine could be complete^ blocked by lO*** m 
atropine. Recovery, of conlractioiis evoked by cholin- 
ergic agents following atropine wash-put was very 
slow and incomplete aiker 60 mln (not shown). The 
force peaks were reproducible and repeated stxma- 
latlon evoked no nwasurable fatigue* Spontaneous 
activity could not be observed In either tissue. 



Eespons6 to Depohniiaticm Induced bu Etdsed 
ExtraceUukr Potas^um Comentration 

Elevation of the extracditdar potassium concen- 
tration (120 mM IC*") resulted in a reproducible 




Aoetytchdinft 
(m) 

Atropine 
(a) 





10-4 

1— 


• 0 





0 io-» 

Fia 2. Isometric force developmant by a TM strip. 
AdmlnLstratioa of 10"^ u acet^lcholiiae resaltod In apha8h> 
tonic force resiwnse. This was completely iniilbltable by 
Btropme (!□-• m). 
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Fig. 3. Foroo nspozise of TM (A) and Cli (B) to raised 
cxtroodlohv C^] (right dda)* Whea compared to the 
acfitykhdlne mponse, [)r>dev&tioa showed, a abnllar 
effect in G&l but nearly no effect Kn The contractiom 
were o(«ipletety bhlbited ia CM aild reduced in TM by 
fibfoplne* The acetylchohiiB response (lisft side) was repro- 
^iriiiiiy ttnj doM-dependentt 
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. fid 4. QiiginAl mcording of force devdopment by a 
stdp. AcecUdlDie and pUocaxpine admloistrattoo resulted in 
le^odudble dofio^cpendent oontncttooB. . 



bipliasic contractile response in both tissue types. The 
relative tension evoked by 120 nxM K^. con^ared to 
the aceQrlchoUne response,, was am^^roxlinBtely 3 x 
hij^ in CM than tn ITif strips. Flguies 3(A) and (B) 
show i^yplcal original recordings of 120 mw K*- and 
acetylcholine- evoked contractions in TM and CM. The 
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FxG. S. Saau»ary of 17 (CM) and X6 (Tft4 ezperlments as 
shown in Fig. 4. Values are given as perceditage'.of 
riaxtmal pUocar^klnA responM. The symbola reprea a ijt mean 
values ± 8.ejn. Maximal fotce evoked by acedidlne adminis- 
Iration was 17X^S±12'6% (n » 7) with TM and 138-9± 
4*0% (it = 8) with CM strips (P < 0.05). 



^tive force developed in an elevated K^-sohidon was 
59-0±13:7% (n - 4) in CM and. only, 19'3±4-2% 
(ft = 5) in TtJi when related to the acetyichoUne re- 
sponse (P < 0 01). 

Following perfiulon with an atropine-contaiiiing 
solution (10-* m) for 5 mhis, tile contractile response 
to an estemal EC^ concentration of 120 mM was 
completely abolished in and markedly reduced in 
TM. This dnnonstiates the neurogenic origin of the 
depolaxlzatlon^response. 

Figure 4 demonstEHtes the dos6-dq()endent contrao 
tions of TM in response to pilocarpine and aceclidine. 
This could be completely inhibited by atropine (10"* M. 
not shown). The dose-response relation and the 
maximal response, however, were cAgniflcantly dif- 
ferent between TM and CM. 

Figure 5 summarizes the data obtained from 33 
reccHdhigs. The maximal contraction evoked by 
acedidlne in TM was 172<5±12-6% (n ^ 7) and in 
CM 138-9 ±4 0% (fi 8, P < 0;05). 

We analysed the data by linear transformation 
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Pio. 6. AcacUdine- and pllocaipine-evoked force dov^op- 
ment shown as an EadiiS'^tchard plot Aflsumlng a linear 
coirektion between receptor occupancy and tsometric force 
development (acecUdine) was calculated 181-3% (TM) 
and-135-0% (Ofl. KD«, 1-6 x lO"* M (TM) and S-6 x 10"' m 
■ (CM), respectlvelsr. 



employing the method of Badie-Scatchard (Fig. 6). 
With [SJ representing the concentration of aceclldine 
and pOocarplne. re^tivdy» F/[S] was plotted against 
R Apparent ?^ (the maximal farce kiduced by 
acedldtae, which can be directly wm as the point of 
Intercept with the bottom line) was 181-3% for .TM 
and 1350% fbr OL EDi^ (aceclidine dosage eUdtlng 
half-mBximal force, response) Wds calculated 1*6 x 
10-* M (TM) and 8*6 x 10*^ M (CM), respectively. 



4. Discussion 

This is the 8rst study which directly demonstrates 
contractile properties of the trabecular meshwodc. The 
contractile properties of TM in bovine (^es are different 
fixim those of: (M, when observing the effect of 
elevated K^-concentratton and acetylcholine, pilo- 
carpine ai^d acjpclidine administration* 

Recently, we iiave been able to demonstrate action 
potentials in bovine TM cells which were not inhibit- 
abb by tetrodotoxln (Coraneo et al., 1991)* This is a 
tyi^cal behaviour of smooth mnsde cell membranes. 
Therefore, It is tempting to speculate that contractions 
of the IM, ItsdC would hiflnence outflow regulation In 
the bovine eye. 

Due to the anatomical proximity of both tissues in 
aje eye of high® primates, it Js conceivable that 
contractions of TM could be related to CM insertion 
mo the TM. In the bovine ^e* however, the cUiary 
muscle is rudimentary and posteriorly located (Rohen, 
1964; TOpathl, 1974; PlOgel et al.. 1991), In the 
present study, both tissues could be prepared sep- 
arately, and were easily distinguishable by structure 
and colour. Furthfirmore. the meshwork region ad- 
tacent to the CM was not used for the measurements. 
Finally, CM contamination of the TM preparations 
alone cannot explain the different contractile re- 
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spouses of both tissues to several agents observed in 
the present study. 

Recently, the bovine chamber angle has been 
examined ultrastructurally and immunocytoidbiemi- 
cally. Myofibroblasts, containing oc-smooth muscle 
actin. have been found between CM and the reticular 
mcshwprk region {Plugel et al., 1991). These cells are 
likely to be responsible for the contractUa activity of 
TM preparations used In the present study» 

In the CM, a large number of cholinergic nerve 
terminals have been described (Ishikawa, 1962; 
Rn^ell, 1982). IM, however, contains markedly 
fewer noire endings (Rohen, 1964; Ruskell. 1982). In 
the present study atropine reduced the contractile 
response of the TM and Inhibited comptately the 
response of the CM to depolarijsatlon. Conscqueatly* 
the main part 'of force devebprnent must be due to a 
depolartzation-induced acetylcholine release from cho- 
Iinerg;ic nerve tmninals rather than a result of 
depolarization of the muscle cell membrane per se; 
This phenomenoa has already been found In CM tissue 
from cow, dog and man where 'atrophie and tetrodp- 
tpxin Inhibited depolarization-Induced cootractioi]i$ 
(Suzuki, 1983; Ito and Yoshltoml, 19S6;Logranp and 
RdbaidL 1986), 

In contrast to the CM, depolarization mediated by a 
raised e:KtemaI potassium concentxatlQn resulted in a 
conslstentiy smaller contractile response of TM. This 
effect would be predicted from the different density of 
cholinergic nerve tenninals in these tissues. The small 
atropine-resistant component of TM force development 
might be due to the release of non-muscarlnit: 
transmitters and/or , a dkect depolarizatian«-e&ct In 
these cells. ^ 

Clinical obsKvation shows that acecUdine is oaore 
effective in lowering Intraocular pressure and has less 
effect on accommodation than pUocaxpine in humans 
(Keren and Trelster, 1980), Recent ea^erimental data 
support &.ese observations using . primate eyes 
OSrlkson-Lamy et aL, 1990). While these difierencesin 
primate eyes were thought to be related to different 
regions of the CM, we were able to show a sigrxlflca^t 
dlfibrence of the acecUdhie-indiiced contracdohs be- 
tween bovine TM and CM. When related to the 
maximal pilocarpine action, acedidlne was more 
effective in eliciting contractions in TM than in CM 
strips. Thus, an iniiuence on outflow facility by 
traction of chamber angle tissues outside the CM could 
be the mecbanlsni of acecUdlnc action and could 
explain the differexice between both cholinomimetics. 

The biomechanlcal sLgniflcance of TM contractility 
is not yet dear. TM contractions could nanrow the 
spaces through which the aqueous humour flows and, 
therefore, result in a fadllty decrease. Alternatively, 
hydrodynamlc behaviour of the jiuctacahalicuiar tis- 
sue layer couM be directly influenced by TM traction, 
as occurs with CM tracttoiL In both cases, there would 
be a complex interaction of CM and TM contractile 
structures. We have begun fiirtiier studies to evaluate 
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the sigDiBcaeice of ThA contractility in outflow regu- 
lation. 
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pulley of the superior oblique 



superior rectus 



superior 
oblique 




medial rectus 



inferior oblique 
lateral rectus 

irtferior rectus 

Extrinsic muscles of the eye 



eyebrow n. the small fringe of hair on 
the bony ridge just above the eye. It helps 
to prevent moisture from running into 
the eye. Anatomical name: superciliimt 

eyeground n. the inside of the eye as 
seen through an ophthalmoscope: the ocu- 
lar fundus. 

eyelash n. one of the long stiff hairs 
that form a row projecting outwards from 
the front edge of the upper and lower 
eyelids. The eyelashes help keep dust away 
from the eye. Anatomical name: cllium. 



eyelid n. the protective covering of the 
eye. Each eye has two eyelids consisting of 
skin, muscle, connective tissue (tarsus), 
and sebaceous glands (meibomian or 
tarsal glands). I^ach eyelid is lined with 
membrane ("conjunctiva) and fringed 
with eyelashes. Stimulation of the pain re- 
ceptors in the cornea causes the eyelids to 
close in a reflex action. Inflammation of a 
meibomian gland can result in a *cha- 
lazioa Anatomical names: blepharon. 
palpebra. 

eyepiece n. the lens or system of lenses 
of an optical instrument, such as a 
microscope, that is nearest to the eye of 
the examiner. It usually produces a 
magnified image of the previous image 
formed by the instrument. Compare objec- 

TIVF. 

eyespot n. a small light-sensitive area of 
pigment found in some protozoans and 
other lower organisms. 

eyestrain n. a sense of fatigue brought 
on by use of Che eyes for prolonged close 
work or in persons who have an uncor- 
rected error of "refraction or an imbal- 
ance of the muscles that move the eyes. 
Symptoms are usually aching or burning 
of the eyes» accompanied by headache and 
even general fatigue if the eyes are not 
rested. Medical name: asthenopia 
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